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We investigated the effect of ageing on the neural gain control in the short-wavelength opponent chan-
nel. In order to tackle speciﬁcally postreceptoral changes, we determined the effect of ageing on transient
tritanopia, a paradoxical and transient reduction of short-wavelength sensitivity after the presentation of
a long-wavelength adapting light. The results demonstrate an unexpected and signiﬁcant increase of
transient tritanopia with age, which cannot be explained by a general decline of short-wave sensitivity
or the selective reduction of retinal illumination. Instead, our data imply that ageing affects also short-
wavelength gain control at the site of chromatic opponency or beyond. Age-related changes of adaptation
processes should therefore be considered an important factor inﬂuencing the visual performances of the
elderly.
 2010 Elsevier Ltd. All rights reserved.1. Introduction
Like other visual performances, for example contrast sensitivity,
acuity and stereopsis, colour vision changes with age. In particular,
a tritan-like worsening in colour discrimination (Knoblauch et al.,
1987; Ohta & Haruo, 1975; Shinomori, Schefrin, & Werner, 2001;
Verriest, Laethem, & Uvijis, 1982; Werner, Schwarz, & Paulus,
1995) is well documented, as is a general loss of sensitivity in all
three receptor systems (Werner & Steele, 1988). After reaching
adolescence, thresholds increase by a factor of 1.4–2 with each
doubling of age (Knoblauch, Vital-Durand, & Barbur, 2001). How-
ever, because this occurs uniformly for all chromatic mechanisms
(Knoblauch et al., 2001; Shinomori, Schefrin, & Werner, 1997)
and because of compensatory processes, colour perception as such
remains nearly constant across life span (Werner, 1996).
Ageing affects all stages of the visual system: ﬁrst of all, the
eyes’ optical system, namely by decreasing transmittance of the
optical media (Hess, 1911; Pokorny & Smith, 1987; Weale, 1988;
Wright, 1946; see Fig. 2), the increasing lenticular scatter (Allan
& Vos, 1967; Zuckerman, Miller, Dyes, & Keller, 1973), senile miosis
(e.g., Kadlecova, Pelesca, & Vasko, 1958; Knoblauch et al., 1987)
and presbyopia (e.g., Fincham, 1937; Fisher, 1973). Neural changes
in the receptors are also well documented, for example a loss of fo-
veal cones or photopigment density (Gartner & Henkind, 1981; vanll rights reserved.
(A. Werner).Norren & van Meel, 1985; Kilbridge, Hutman, Fishman, & Read,
1986; Elsner, Berk, Burns, & Rosenberg, 1988; Johnson, Adams, &
Lewis, 1989; Keunen, Van Norren, & Van Meel, 1987; Yuodelis &
Hendrickson, 1986) and/or an increasing distortion of the outer
segments of cones (Marshall, 1978). However, these effects are
very small in those studies that report such changes, and are not
found in other studies (Renner, Knau, Neitz, Neitz, & Werner,
2004).
Ageing also affects the higher neural pathways, including reti-
nal ganglion cells as well as cortical networks (Balaszi, Rootman,
Drance, Schulzer, & Douglas, 1984; Curcio & Drucker, 1993; Dol-
man, McCormick, & Drance, 1980; Mendelson & Wells, 2002; Miao,
Sadun, & Johnson, 1986; Scheibel, Lindsay, Uwamie, & Scheibel,
1975; Pearson, Schmidt, Ly-Schroeder, & Swanson, 2006). How-
ever, age-related changes in visual functions, including pre-retinal
factors, may to some extent be compensated by the plasticity of the
adult visual system (see for example Gilbert & Wiesel, 1992; Neitz,
Carroll, Yamauchi, Neitz, & Williams, 2002; Werner 1996).
A number of studies indicate an age-related sensitivity loss in
the cone pathways (e.g. Eisner, Fleming, Klein, & Mauldin, 1987;
Johnson, Adams, Twelker, & Quigg, 1988; Schefrin, Shinomori, &
Werner, 1995; Schefrin & Werner, 1990; Schefrin, Werner, Plach,
& Utlaut, 1992; Werner & Steele, 1988; Shinomori & Werner,
2006; Werner & Steele, 1988; amongst others). In the short-wave-
length (SW) channel, 60–70% of the age-related sensitivity loss has
been attributed to neural factors (Johnson et al., 1989; Werner &
Steele, 1988; Haegerstrom-Portnoy, Hewlett, & Barr, 1989, Schefrin
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discrimination can be described by a multiplicative factor, suggest-
ing a general decline in SW sensitivity and/or noise in the S-cone
pathway (Schefrin et al., 1995).
However, changes at the receptor and the postreceptoral stages
have been difﬁcult to separate experimentally. Schefrin et al.
(1992) concluded from their measurements of SW increment
thresholds that not all of the differences between younger and old-
er subjects could be explained by changes in ocular media and
receptor sensitivities. In another work, Schefrin and Werner
(1990) measured age-related changes of colour loci of unique hues
and found that ‘‘. . .with advancing age, S cone signals are selec-
tively depressed within the yellow–blue but not the red–green
channel. Alternatively, the manner in which cone signals are com-
bined within the yellow–blue channel might change over lifespan”.
Also, Shinomori et al. (1997, 2001) suggested receptoral and post-
receptoral changes, in order to account for age – related changes in
wavelength discrimination. We aimed at detecting speciﬁcally
postreceptoral changes and, in particular, those mechanisms which
control the sensitivity in the SW pathway, since this system ap-
pears to be the one which is most affected by ageing (i.e. by the
yellowing of the lens and the reduction of the macular pigment).
Recent psychophysical, anatomical and physiological studies
have characterized distinct features of the S-cone pathway (Schein,
Sterling, Ngo, Huang, & Herr, 2004; for a review see Calkins, 2001;
Dacey, 2000; Wässle, 2004). Shortwavelength information is en-
coded by neurons carrying a short-wave versus long-/middle-wave
opponency, with the majority of neurons in the S-pathway being S-
ON and only a small number being S-OFF neurons. Their spectral
opponency is built up in two stages: the ﬁrst being the S cone tri-
ade, whereby blue-cone bipolar cells receive selective input from
the S-cones and antagonistic input from L and M signals, which
are conveyed via specialized horizontal cells (H2). The second stage
of antagonism is the combination of S cone bipolar cells with that
of antagonistic diffuse L, M bipolar cells when converging onto the
S-ganglion cells. In recent years, a diversity of S-ON as well as S-
OFF ganglion cells have been identiﬁed, which project to the lateral
geniculate nucleus: The S-ON pathway includes small bistratisﬁed
ganglion cells (input from distinct S-ON-bipolar cells; Dacey & Lee,
1994), as well as large sparse bistratiﬁed ganglion cells (Dacey &
Packer, 2003). On the other hand, the S-OFF pathway includes a
sparse monostratiﬁed ganglion cell type (with sign inversing input
from S-ON bipolar cells; Dacey, Peterson, & Robinson, 2002) as well
as S-OFF midget ganglion cells (with distinct input from S-Off mid-
get bipolar cells; Klug, Herr, Ngo, Sterling, & Schein, 2003), and
melanopsin containing ganglion cells (Dacey et al., 2005).
Control of sensitivity in the SW channel is generally described
by models operating on two sites, the ﬁrst being the receptor level,
the second a postreceptoral stage, by multiplicative as well as sub-
tractive mechanisms (Graham & Hood, 1992; Walraven, Enroth-
Cugell, Hood, McLeod, & Schnapf, 1990; Hayhoe & Wenderoth,
1991; Augenstein and Pugh,1977; Mollon & Polden, 1977; Zrenner,
1982). The effect of postreceptor, retinal SW gain control is very
distinctly expressed by the phenomenon of transient tritanopia
(TT), which refers to the reduction of SW sensitivity after the offset
of a long-wavelength (LW) adapting light (Mollon & Polden, 1977;
Pugh & Mollon, 1979; Stiles, 1949; Valeton & van Norren, 1979;
Zrenner, 1982; Zrenner & Gouras, 1979). Modelling this paradoxi-
cal phenomenon suggests that it results from a suppression of
SW signals by long-and/or middle-wavelength (LW/MW) signals
and a slow subtractive adaptation at the site of opponency
(‘‘restoring force”; Augenstein & Pugh, 1977; Pugh & Mollon,
1979; for a recent discussion of this model see McLellan & Eskew,
1999). From what we now understand from anatomical and phys-
iological ﬁndings (see above), this may correspond to an adapta-
tion process acting on/in the S-ON bipolar cells, which wouldbuild up during yellow adaptation in order to counteract this
strong hyperpolarizing signal. Thus, the ‘‘restoring force” effec-
tively shifts the neurons neutral point back towards yellow, in or-
der to restore its responsiveness. However, because of its assumed
slow time constant, turning off the polarizing adaptation light re-
sults in a rebound effect, causing an initial reduction of SW sensi-
tivity. Up to date it has not been possible to identify the exact
neural site of these processes, and the nature of the ‘‘restoring for-
ce”. In particular, the assumed slow dynamics of the restoring force
predicts that fast ﬂicker stimuli should also elicit transient tritan-
opia, which does not happen (Reeves, 1981a, 1981b). However,
ERG recordings showed that the phenomenon must originate
somewhere between the receptors (TT not detectable) and the
bipolar cells (TT present) of the retinal S-cone pathway (Valeton
& Van Norren, 1979), making the S cone triade a likely candidate
for the site of TT (Paulus & Kröger-Paulus, 1983). The effect of tran-
sient tritanopia is then carried on by the subsequent stages in the
SW pathway, as demonstrated by measuring transient tritanopia in
blue-sensitive retinal ganglion cells (Gouras & Zrenner, 1986).
We asked to what extent ageing of the visual system effects
these postreceptoral processes. We therefore measured transient
tritanopia in observers aged between 10 and 68 yrs and compared
the results with those obtained for SW increment thresholds. In the
case of a general decline in SW sensitivity we expect thresholds to
increase with age in both paradigms (transient tritanopia and SW
increment measurements). Changes in the postreceptor gain con-
trol of the SW channel, on the other hand, should be primarily mir-
rored by a speciﬁc increase of SW thresholds in the transient
tritanopia condition.2. Methods
2.1. Subjects
Forty three healthy subjects (21 male, 22 female) participated in
the experiments. The observers were recruited from hospital staff
and their families, their age ranged between 10 and 68 yrs. They
were assigned one of three age groups (10–20 yrs (n = 14; media-
n = 17 yrs); 20–40 yrs (n = 16; median = 29); 40–70 yrs (n = 13,
median = 54 yrs). All subjects had normal or corrected visual acuity
and normal colour vision (as determined by the FM 100 Hue test).
2.2. Apparatus
Transient tritanopia and SW increment thresholds were tested
as a function of intensity of the LW adapting light using a two-
channel Maxwellian-view type instrument (retinal function test
instrument, Model 1A, Nidek). A halogen lamp subserved both
channels. Channel I provided the long-wavelength adapting light
and channel II supplied the short-wavelength test light. The inten-
sity of each light beam was independently controlled by neutral
density ﬁlters that were arranged in light wedges; the timing of
the stimulus was controlled by shutters and the areas of test-
and background light were deﬁned by circular apertures.
2.3. Stimuli
SW increment thresholds were determined for a circular narrow-
band SW test light (1, interference ﬁlter, Kodak Wratten 47B,
dominant wavelength kdom = 470 nm, maximum transmission at
430 nm, bandwidth at half-maximum 42 nm), which was superim-
posed for 500 ms onto a steady circular LW adapting background
(5, 500 nm cut-off ﬁlter, Kodak Wratten No. 12; see Fig. 1a and
b). This arrangement and the spectral characteristics of the SW
and LW light were chosen in order to selectively stimulate the S
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Fig. 1. (a) Stimulus conﬁguration for measuring short-wavelength increment thresholds. (b) Sequence of stimuli for measuring increment thresholds. (c) Sequence of stimuli
for measuring transient tritanopia.
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steps of 0.1 log units, whereby the minimum intensity was
0.2 lW; LW light intensities could be presented in ﬁve steps of
1 log unit between 0.6 and 6000 lW, corresponding to 237 td,
475 td, 950 td, 1900 td, 3800 td of retinal illumination. Two
observers did not participate in measurements with 1900 td back-
ground/adapting light intensity, four observers did not participate
in measurements with 3800 td background/adapting light
intensity.
In the transient tritanopia condition, SW thresholds were mea-
sured for the same SW stimulus, which was now presented after
a time interval of 400 ms after the offset of a preceding circular
LW background light (same stimulus as in the increment condi-
tion). 400 ms were chosen in accordance with the original study
by Mollen and Polden (1977); here the time interval was chosen
‘‘because at this interval the effects found for white light by Baker
et al. (1959) are over,”. . . ”,but transient tritanopia is still marked”
(Mollon & Polden, 1977, p. 213/214).2.4. Procedure
The subjects were seated in front of the measuring device and
viewed the stimuli through an ocular with a 2 mm artiﬁcial pupil;
the ocular could be adjusted for each individual. The head position
was maintained with a chin support.
The observers were dark adapted for 10 min. Each test series
commenced with 2 min adaptation to the long-wavelength back-
ground light. Thereafter, SW increment thresholds were deter-
mined for the detection of the SW test light presented on a
steady LW background (Fig. 1b). The test subjects were then
adapted again to the LW light for 2 min and SW thresholds were
measured in the transient tritanopia paradigm (Fig. 1c): the LWadapting light was switched off and after a 400 ms dark interval,
SW thresholds were determined for the 500 ms SW test light. LW
adaptation was maintained by presenting the LW adapting back-
ground again for 5 s, after which the experimental sequence was
repeated (see Fig. 1b).
Increment thresholds and transient tritanopia were measured
for each of the ﬁve deﬁned LW light intensities. The thresholds
were obtained by a yes/no-staircase procedure whereby the test
light intensity was decreased or increased in steps of 0.1 log units
according to the observers’ answers. Thresholds were determined
by starting well above and below the threshold. This procedure
was repeated four times and the results were calculated as a geo-
metric mean.3. Results
3.1. SW increment thresholds
First, SW increment thresholds were measured in the presence
of a background LW light of different intensities. Different intensi-
ties were measured in order to monitor the behaviour of SW gain
control over a range of background light intensities. Fig. 2 a shows
threshold versus intensity functions (t.v.i.) for the increment para-
digm. The data represent the geometric mean of the thresholds of
each age group. The thresholds of all observer groups increase lin-
early with intensity of the background light, whereby the curves of
the oldest group are shifted slightly upwards.
Fig. 2b–f show individual data as a function of age of the obser-
ver. The different graphs represent data measured for the different
background light intensities. Thresholds increase slightly and line-
arly with increasing age, regression is similar at all tested back-
ground intensities (average slope 0.065). With exception of the
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Fig. 2. SW increment thresholds. (a) Increment thresholds as a function of the intensity of LW background light. Results are separately shown for observers aged 10–20 yrs
(circles, n = 14), 20–40 yrs (triangles, n = 16) and 40–70 yrs (squares, n = 13). (b–e) individual SW increment thresholds as a function of age of the observers, measured at
different background light intensities (see insert): (b) slope = 0.075, r2 = 0.40, p < 0.01; (c) slope = 0.06, r2 = 0.42, p < 0.01; (d) slope = 0.07, r2 = 0.35, (p < 0.05); (e) slope = 0.06,
r2 = 0.35, p < 0.05; and (f) slope = 0.06, r2 = 0.27 (p > 0.05).
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crease of the thresholds with age was signiﬁcant at a probability
level of 0.05; the highest correlation was found for the two lowest
measured background light intensities.3.2. Transient tritanopia
Transient tritanopia was determined by measuring SW thresh-
olds as a function of the intensity of a preceding adapting LW light.
Fig. 3 a presents the data as a function of the intensity of the adapt-
ing LW light (median of each age group). Thresholds increase with
increasing intensity of the LW adaptation light, again in each age
group by a similar rate (see upward-shift of the curve of the oldest
group relative to the curves of the younger groups).
Fig. 3b–f show individual SW thresholds of the observers, as a
function of their age, measured for the different intensities of the
yellow adaptation light. The data demonstrate an increase of
threshold with increasing age, which can be ﬁtted by linear regres-
sion. Again, the regression seems to be relatively constant across
the tested range of adaptation light intensities (average slope0.151). For all intensities, the increase of the thresholds with age
was signiﬁcant at a probability level of 0.01.3.3. Difference between increment thresholds and transient tritanopia
Next, we calculated the net increase of thresholds during tran-
sient tritanopia as compared to thresholds measured in the incre-
ment paradigm, since this difference represents the effect of the
delayed SW suppression (the ‘‘restoring force”) following the yel-
low light offset. The threshold differences were calculated individ-
ually for each observer and are shown in Fig. 4. Fig. 4 a shows the
median of the threshold difference in each age group, plotted as a
function of the different intensities of the adapting/background
light. It can be seen that the threshold differences increase with
the intensity of the background/adapting light intensity. Except
for the highest measured LW light intensity, where the curves con-
verge, the ‘‘aged” difference-curve can be ﬁtted to the younger
curve by applying an additive constant of approximately 0.16 log
units.
Fig. 4b–f shows the individual data of the observers, plotted as a
function of their age and separately for the different adapting/
ab
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Fig. 3. SW thresholds during transient tritanopia. (a) Transient tritanopia as a function of the adapting light intensity, shown separately for the different age groups (10–
20 yrs: circles, n = 1; 20–40 yrs: triangles, n = 16; 40–70 yrs: squares, n = 13). (b–f) SW thresholds during transient tritanopia as a function of the observer’s age, measured at
different background light intensities (see insert): (b) slope = 0.14, r2 = 0.64 (p < 0.001); (c) slope = 0.13, r2 = 0.65 (p < 0.001); (d) slope = 0.12, r2 = 0.65, (p < 0.001); (e)
slope = 0.19, r2 = 0.78, (p < 0.001); and (f) slope = 0.18, r2 = 0 .62 (p < 0.01).
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were correlated with the age of the observers (correlation for all
tested intensities signiﬁcant at probability level of 0.05). Again,
the age related increase could be ﬁtted by linear regression, with
highest regression found for the two highest light intensities.
Regression for intensities equal to or below 2.98 log td, the regres-
sion was comparable to that found for increment thresholds. For
intensities of 3.28 log td or higher, however, the slope was consid-
erably higher.
4. Discussion
Wemeasured SW thresholds in observers aged 10–68 yrs, using
two different paradigms: (a) two-colour increments and (b) tran-
sient tritanopia. For increment thresholds, we found a slight, but
linear increase with age, which is consistent with results from ear-
lier studies reporting a relatively mild increase of SW thresholdsand discrimination (Schefrin et al., 1992; Schefrin et al., 1995;
Werner & Steele, 1988). The smaller increase of increment thresh-
olds as compared to those reported by Schefrin et al. (1992) may be
due to the higher background light intensity used in our experi-
ments, since age related effects are most pronounced at lower light
intensities (Schefrin et al., 1992). Most importantly, t.v.i. functions
measured in the increment and the transient tritanopia condition
showed similar slopes for the different age groups (Figs. 2a and
3a), indicating that adaptation remained equally effective with
ageing. This is consistent with ﬁndings by Schefrin et al. (1995),
which showed that for tritan discrimination, the Weber fraction
did not change signiﬁcantly with age (age of observers ranged be-
tween 22 and 77 yrs).
Thresholds in the transient tritanopia condition were found to
be higher in older observers compared to younger subjects, not
lower. Does this mean that adaptation becomes more effective
and stronger with increasing age? For the SW opponent channel
dc
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Fig. 4. Differences between SW thresholds obtained during transient tritanopia and in the two-colour increment paradigm; (a) threshold differences shown as a function of
intensity of the yellow adapting/background light. The data were separately calculated for the three groups of observers (circles: 10–20 yrs, n = 16; triangles: 20–40 yrs,
n = 13; stars: 40–70 yrs, n = 13). (b–f) individual threshold differences shown as a function of observers age, measured at different background light intensities (see insert): (b)
slope = 0.08, r2 = 0.38 (p < 0.05); (c) slope = 0.06, r2 = 0.46 (p < 0.001); (d) slope = 0.08, r2 = 0.41, (p < 0.01); (e) slope = 0.28, r2 = 0.62, (p < 0.001); and (f) slope = 0.254, r2 = 0 .42
(p < 0.01).
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cope with the consequences of lenticular senescence, and it does
so quite successfully (Werner, 1996). It may therefore be specu-
lated that attenuation of the SW signals by L/M gain control be-
comes somewhat stronger with increasing age, and therefore
results in a stronger rebound effect when turning off the yellow
adaptation ﬁeld. However, a recent study on colour constancy
showed that yellow, red, green and blue illumination are equally
well compensated in older subjects (aged 50–70 yrs) as in youn-
ger subjects (aged 20–40 yrs) – provided sufﬁcient time is given
for adaptation (Werner & Ehmer, 2006). Furthermore, measuring
mfERG responses it was found that the responses to adapted
versus un-adapted stimuli decreased less in older than in
younger subjects (Gerth, Sutter, & Werner, 2003); in other
words, the adaptation tends to become less, not more effective
with age.One might argue that the yellow adapting light which followed
the blue test, would act as a backward mask and may add to the
transient tritanopia thresholds. Backward masking is known to
be prolonged in older subjects (Till, 1978). However, since, the yel-
low light followed immediately after the test, we expect that
masking would have affected the young observers similarly and
can therefore not explain the increase of thresholds with age.
If the total amount of adaptation does not increase with age (see
above), why then is transient tritanopia stronger in older as com-
pared to the younger subjects? There is some evidence suggesting
that adaptation processes are prolonged with increasing age of the
observer: chromatic adaptation in colour constancy (Werner & Eh-
mer, 2006), as well as rod-mediated and foveal dark adaptation
(Jackson, Owsley, & McGwin, 1999; Coile & Baker, 1992) were re-
ported to have a slower time course. Furthermore, The effect of
adaptation measured for VEP, ERG and critical ﬂicker fusion
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sia & Daly, 1977; Mayer, Kim, Svingeos, & Blucs, 1988; Porciatti,
Burr, Morrone, & Fiorentini, 1992; Sokol, Moskowitz, & Towle,
1981; Tyler, 1989) was also found to be prolonged. Thus, adapta-
tion processes in general seem to be prolonged by ageing and it
is possible that the same prolongation also affects the processes in-
volved in transient tritanopia, i.e. the ‘‘restoring” force.
Comparing the age related regression of transient tritanopia
with that of increment thresholds we found that transient tritano-
pia increased more than twofold as compared to the age related in-
crease of increment thresholds (average slope increment: 0.06;
transient tritanopia: 0.151). From this we infer an additional com-
ponent in transient tritanopia which is age dependent and affects
the measured thresholds. The additional effect of ageing in tran-
sient tritanopia becomes also evident when calculating the differ-
ence between transient tritanopia and increment thresholds. Here
the age related increase cannot be attributed to a general decline of
SW sensitivity; instead, the threshold-difference monitors mainly
the effect of the delayed gain control of the SW channel by signals
arriving from the LW and/or MW channels. The amount of this dif-
ference was found to correlate with age, whereby regression was
stronger for higher adaptation/background light intensities. Note
that this is different from the observed age related increase re-
ported for other thresholds (e.g. short-wavelength increment
thresholds, threshold saturation detection, rod increment thresh-
olds), which tends to be particularly pronounced at lower light lev-
els, where adaptation processes cannot compensate for low quanta
catch and noise in the receptors (Hood & Greenstein, 1990; Kraft &
Werner, 1996; Schefrin et al.,1992).
Therefore we conclude that the stronger increase of transient
tritanopia with age as compared to increment thresholds is caused
by changes at a postreceptor site of SW sensitivity gain control.
Thus, the age-related changes in the SW system seem to exceed
the reported general decline in SW sensitivity, due to optical and
neural factors at a ﬁrst, i.e. receptoral site (Johnson et al., 1989;
Haegerstrom-Portnoy et al., 1989; Schefrin & Werner, 1990; Sche-
frin et al., 1992, 1995; Shinomori &Werner, 2006; Werner & Steele,
1988). In fact, modelling age-related changes in SW colour discrim-
ination, Schefrin et al. (1992) found that the results could not so-
lely be attributed to the receptors; instead, they assumed further
changes on an unidentiﬁed postreceptoral site in order to explain
the results. Our ﬁndings indicate a site between receptors and
the bipolar cell level, where postreceptoral SW sensitivity is con-
trolled and transient tritanopia originates. However, since the neu-
ronal correlate of transient tritanopia is not identiﬁed, we cannot
pinpoint the exact site of this ageing effect in the SW channel.
Taken together, the ﬁndings show that transient tritanopia in-
creases with age, and that this increase cannot be explained by a
general loss of SW sensitivity. Rather, the ﬁndings suggest changes
at a postreceptoral, opponent site, where the SW gain is regulated
by LW/MW signals.
Thus, although the general effects of ageing from the optical
system and photoreceptors are found to be well compensated
(Werner, 1996), ageing does affect postreceptoral adaptation pro-
cesses in the visual system. This may not to be restricted to SW
sensitivity, since several studies have shown that the phenomenon
of a transient loss of sensitivity -as expressed in transient tritano-
pia- is not unique to the SW channel. Instead, the existence of tran-
sient deutanopia and protanopia (Reeves, 1981b, 1983a, 1983b)
indicates a more general phenomenon. If this is the case, then
the observed age-related changes of postreceptoral gain control
as described here for transient tritanopia, can also be expected to
occur in the other retinal channels. Therefore, when considering vi-
sual performance in the elderly, altered and possibly prolonged
adaptation processes need to be taken into account. Further studies
are necessary to elucidate this potential problem.Acknowledgments
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